Introduction
COPD is characterized by a progressive deterioration of lung function with some mental and physical comorbidities such as depression, dystrophy, and heart failure. 1 COPD is one of the important public health problems because of the high prevalence, mortality, and economic burden. The World Health Organization estimated that .3 million people worldwide died of COPD in 2012, equal to 6% of all deaths globally that year, and .90% of COPD deaths occurred in low-and middle-income countries, including China. 2 In China, a nationwide survey showed that the prevalence of COPD among people over 40 years old was 8.2% (12.4% for men and 5.1% for women) in 2008. 3 Based on the results of the Global Burden of Diseases Study, COPD was the third leading cause of death in China in 2010.
of annual direct medical costs (DMCs) and direct nonmedical costs (DNMCs; including costs caused by nutrition, transportation, and caregivers) in 2006 were RMB 11744 Yuan (US$ 1473) and 1570 Yuan (US$ 197), respectively, for each COPD patient living in urban areas of China. The average work loss was 17 days for COPD patients and 14 days for their relatives in 2006. 7 Previous studies had indicated that hospitalization is a major driver of DMCs for COPD and such DMCs are significantly correlated with the comorbidity and severity of COPD. [8] [9] [10] [11] However, there have been so far limited data on the costs due to COPD in China, including direct and indirect costs (ICs) and factors related to the costs. This cross-sectional study was designed and conducted to provide the information for urban communities of China.
Patients and methods study population
This multi-center cross-sectional study was carried out in four megacities, ie, Beijing, Guangzhou, Shanghai, and Chengdu, of China in 2011. Fifteen community health centers or hospitals participated in recruiting subjects from local communities. A total of 721 COPD patients were invited and 94% of them were eligible based on the inclusion criteria (local residents who lived in the city for at least 2 years without any unstable comorbidities or any severe conditions needed to be treated as inpatients). COPD cases who did not meet the inclusion criteria were excluded. 12 A written informed consent was obtained from all subjects. They were free to withdraw from the study at any time with no negative consequences. The ethics approval for this study was issued by the Institutional Review Board of the Fudan University School of Public Health. Further details are available in a previous publication. 12 
Data collection
Health workers were recruited as data collectors from each study site after they were trained by academic investigators. A structured questionnaire was used to collect direct medical and nonmedical costs as well as ICs. Investigators interviewed subjects, reviewed medical charts, and obtained detailed information on medical care utilization, transportation/nutrition costs, and work loss of COPD patients and caregivers. Free lung function testing was provided to all subjects during the survey.
Cost definition and estimation
The total costs of COPD included direct costs (DMCs and DNMCs) and ICs. In this study, the annual DMCs were all medical expenditures incurred by outpatient clinical visit, emergency, and hospitalization due to COPD, namely the total expenditures for treating COPD, including copayments, diagnoses, treatments, diagnostic tests, prescription drugs, and medical supplies in the previous 12 months. The 13 The cost figures were expressed in RMB and equivalent US dollars based on the average exchange rate of the study year.
statistical analysis
All data were double input into a database in EpiData3.1 Chinese version. Statistical analysis was completed using SPSS22. For continuous outcomes, median and/or mean ± standard deviation were used to describe the data, and Kruskal-Wallis or Wilcoxon test was used to test the differences of costs among groups. For categorical outcomes, frequencies (percentages) were provided and chi-square test was used to test different distributions. The upper quartile of total costs for COPD was calculated, and costs not less than top 25th percentile were defined as being high economic burden. Logistic regression model was used to calculate the crude odds ratio, adjusted odds ratio (aOR), and 95% confidence intervals (CIs) for factors associated with high economic burden. P,0.05 was used to define statistical significance. 
Results
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Costs for COPD
Of the 678 subjects, 68.5% visited a department of outpatient at least once during the past 3 months and 40.9% had hospitalization during the past year prior to the survey. The median annual direct costs, ICs, and total costs per patient due to COPD were RMB 6,096 Yuan (US$ 944), 0 Yuan (US$ 0), and 6,405 Yuan (US$ 992), respectively ( Table 2) . Direct costs accounted for 86% of the total costs, and hospitalization costs were a major driver of the direct costs, accounting for 65.9% (Figure 1 ). During the past 12 months, 12.8% of the patients reported that either they or their relatives were off work with a total of 5,944 workdays or a median of 2.2 workdays per patient because of their COPD. Caregivers' work loss accounted for 60.7% (Table 2) .
COPD economic burden in China
The ratio of annual total costs for COPD versus annual average income was similar for Beijing (34.1%), Guangzhou (32.8%), and Chengdu (32.3%) and was much lower for Shanghai (19.2%). There were 568 million people aged $40 years in China in 2010, and it was estimated that 8.2% of them or 46.6 million people had COPD, of whom only 35.1% or 16.3 million COPD had been diagnosed. 3 For this population of diagnosed COPD, the DMCs, DNMCs, and ICs were estimated to be approximately RMB 195.70 billion Yuan (US$ 30.30 billion), 8.78 billion Yuan (US$ 1.36 billion), and 34.10 billion Yuan (US$ 5.28 billion), respectively. There may be a big difference in COPD care costs between large cities and other areas of the country.
COPD costs associated with patients' characteristics
Costs for outpatient visit and hospitalization were significantly correlated with age, household income, severity of COPD, and comorbidity. The costs increased with the number of comorbidities (annual DMCs, DNMCs, ICs, and total costs) and severity (annual DMCs, DNMCs, and total costs). Costs per outpatient visit were higher and costs per hospitalization were lower for patients aged .60 years. The annual DNMCs and ICs were higher in women than in men but the annual DMCs showed no sex difference. The annual DMCs and total costs were higher in patients aged .60 years (Table 3 ).
Logistic regression model was further applied to explore possible influencing factors for high total costs due to COPD (Table 4) . After adjustment for study site and other covariates, there was a significantly greater risk of high costs for older patients (.60 years) than for young patients (aOR =2.36, P=0.015). The risk of high costs increased significantly with the severity of COPD and the number of exacerbations. The aOR for high costs was 4.68 (95% CI: 2.71-8.08) for COPD patients with an acute exacerbation versus those without an acute exacerbation. 14 Thus, the estimated DMCs of COPD accounted for 9.8% of THE. In this study, the annual direct expenditure and total costs per patient were equivalent to 26.1% and 29.7% of their personal income, respectively, Notes: Data were presented as median (mean ± standard deviation). Kruskal-Wallis or Wilcoxon test was used to test the differences of costs among groups. Abbreviation: COPD, chronic obstructive pulmonary disease. 
Discussion
0 (308±1061) (0 [48±164]) 0 (848±3,691) (0 [131±571]) 0 (334±1,011) (0 [52±157]) 0 (539±2,092) (0 [83±324]) nutrition costs 0 (279±561) (0 [43±87]) 0 (233±781) (0 [36±121]) 0 (719±3,687) (0 [111±571]) 0 (142±541) (0 [22±84]) 0 (341±1,914) (0 [53±296]) Caregiver costs 0 (335±984) (0 [52±152]) 0 (59±458) (0 [9±71]) 0 (85±306) (0 [13±47]) 0 (188±856) (0 [29±133]) 0 (166±718) (0 [26±111]) Transportation costs 1 (67±114) (0 [10±18]) 0 (16±140) (0 [2±22]) 0 (44±85) (0 [7±13]) 0 (5±22) (0 [1±3]) 0 (33±104) (0 [5±16]) Indirect
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Chen et al which were lower than those reported in previous studies conducted in 2006 and 2008-2009, 7,15 but the annual direct expenditure was much higher than that estimated in the US (only 12.1%, US$ 6,030/49,800). 16 The annual DMCs were higher than those reported in 2006 in China, 7 which were likely due to larger aging population and more expensive health care costs. A lower proportion of direct costs to personal income could have resulted from the rapid socioeconomic development recently in China. ICs accounted for ~14% of total costs, which was lower than that reported in the US (27%-61%). 17 One study noted that there was an increase in ICs on COPD in the past several years. 
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In this study, hospitalization costs accounted for 56.7% of the total costs, which were consistent with some prior studies. 7, [19] [20] [21] However, one study conducted in rural areas of China found that the direct costs were mainly driven by the costs of outpatient services (42.3%), followed by hospitalization costs (32.5%). 15 The difference between urban and rural areas may be due to health care disparities and different distributions of severity.
This study also revealed that age, disease severity, and acute exacerbations were the independent factors for high economic burden in COPD patients. In urban areas of China, COPD patients who were older and had more severe condition and higher number of acute exacerbations had a greater risk of high economic burden. The elderly generally have a high need for hospitalizations and caregivers partly due to increased risks of comorbidities and poor physical conditions. 17 Previous studies had shown the relationship between costs of COPD and acute exacerbation, 9, 22, 23 which was consistent with the results of this study. Acute exacerbation was a major cause of hospitalization. 23, 24 Also, exacerbations became more frequent and more severe with the severity of COPD. 25 And as mentioned earlier, hospitalization was identified as the largest cost category, and therefore, some measures, such as pulmonary rehabilitation, outreach nursing, multidisciplinary care, patient self-management, patient counseling and education, case management, and outreach follow-up, or services provided after discharge to decrease hospitalizations for COPD exacerbations could be helpful to cut the costs on COPD. [26] [27] [28] [29] This was a multi-center cross-sectional study conducted in urban areas of China. There were some strengths and limitations. This study was carried out in four metropolitan areas with a high response rate of 98%. The study population might well represent Chinese metropolitan population, but caution should be taken when generalizing the findings to other populations. The national economic burden estimate may be biases due to the difference in costs between rural and urban areas. As a cross-sectional study, there is a limitation for assuming causal associations between the influencing factors and costs of COPD. Another limitation was that the COPD patients of the study were not randomly selected but were selected from only four metropolitan areas of the country, which may affect the external validity. A convenient sample might be subject to selection bias although no serious ones had been identified for the study. In addition, recall biases might exist although some self-reporting information was confirmed by reviewing medical charts and searching medical records.
Conclusion
COPD posed a heavy economic burden in China. Hospitalization was a major driver of the costs related to COPD. Aging, COPD severity, and acute exacerbations increased the risk of high costs for COPD.
